Summary The interaction of membrane-active amphiphiles with a series of MDR Chinese hamster ovary (CHO) cell lines was investigated. Cross-resistance to cationic amphiphiles was observed, which was effectively sensitised by verapamil. MDR cells showed collateral sensitivity to polyoxyethylene amphiphiles (Triton X-100/Nonidet P40), which reached a maximum at 9-10 ethylene oxide units. Resistant lines were also highly collaterally sensitive (17-fold) to dibutylphthalate. mdrl transfectants showed cross-resistance to cationic amphiphiles, but no collateral sensitivity to nonionic species. Triton X-100/Nonidet P-40 inhibited 3H-azidopine photoaffinity labelling at low concentrations, perhaps reflecting a specific interaction with Pglycoprotein.
Multidrug resistance is a major barrier to the successful chemotherapeutic treatment of many human cancers. One common mechanism of resistance to drugs such as anthracyclines, the Vinca alkaloids, and epipodophyllotoxins, involves the overexpression of a 170-180 kDa integral membrane protein, known as the P-glycoprotein. This protein is believed to confer resistance by acting as an ATP-driven efflux pump, exporting drugs from the cell, and thus lowering their effective intracellular concentration (for reviews, see Juranka et al., 1989; Georges et al., 1990; Pastan & Gottesman, 1991) . Transfection of the cDNA for P-glycoprotein (class I and II mdr genes) into a drug-sensitive cell is sufficient to confer the complete MDR phenotype (Gros et al., 1986; Ueda et al., 1987; Croop et al., 1987) , providing compelling evidence that this protein is a causative agent of drug resistance.
The model of P-glycoprotein as an ATP-driven efflux pump agrees well with existing data on drug accumulation and efflux in MDR cells. However, it does not readily account for the other pleiotropic changes seen in MDR cell membranes. For example, MDR is associated with increased sensitivity (collateral sensitivity) to membrane active agents, such as non-ionic detergents, local anaesthetics and steroids (Bech-Hansen et al., 1976; Riordan & Ling, 1985) . Changes in membrane permeability (Riordan & Ling, 1985) , composition , ultrastructure (Arsenault et al., 1988) , and the physical properties of the membrane bilayer (Wheeler et al., 1982; Ramu et al., 1983; Siegfried et al., 1983 , Kessel, 1988 have also been reported. All of these observations suggest that the overexpression of P-glycoprotein leads to perturbations in membrane structure and function, perhaps arising in part from the insertion of a large hydrophobic protein into the plasma membrane. These secondary changes are important in determining the overall phenotype and responses of MDR cells, but their relationship to P-glycoprotein overexpression is not currently understood. Delineating the pleiotropic changes in the MDR cell membrane, and understanding their molecular basis, may be important in designing strategies for overcoming MDR clinically. For example, it may be possible to exploit the collateral sensitivity of MDR cells to eliminate cells with this phenotype from certain tumours.
The study of MDR has been greatly advanced by the use of continuous cell lines selected for resistance to one or more drugs in the MDR spectrum. Of the in vitro cell models that have been developed, one of the most useful has been Chinese hamster ovary (CHO) cells selected for resistance to colchicine by Ling and co-workers (Ling & Thompson, 1974) . A series of these MDR cell lines derived from a common drug-sensitive parent is available (Bech-Hansen et al., 1976; Ling, 1975) , with increasing levels of colchicine resistance relative to the patent AuxBl line, and increasing P-glycoprotein expression levels (Doige & Sharom, 1991) . Transfected cells expressing specific mdr gene products have also proved to be useful in defining those cellular changes that arise as a result of the presence of P-glycoprotein in the plasma membrane. In this study, we have investigated the interaction of a series of drug-selected MDR CHO cell lines, and specific mouse mdrl CHO cell transfectants, with membrane-active amphiphiles, including several classes of detergents, in an effort to both delineate and understand the secondary changes occurring at the plasma membrane level in multidrug resistance.
Materials and methods
Protein was determined by either the Pierce BCA assay system (Pierce, Rockford, IL) or the method of Bradford (Bradford, 1976) adapted for 96-well microtitre plates, using bovine serum albumin (crystallised and lyophilised; Sigma Chemical Co., St. Louis, MO) as a standard.
Growth of multidrug-resistant cell lines
The AuxBl parent CHO cell line (drug-sensitive), and the colchicine-selected lines CHRA3 (6-fold resistant), CHRC5 (96-fold resistant), CHRB30 (680-fold resistant) have been described previously (Ling & Thompson, 1974; Ling, 1975; Robertson et al., 1984; see also Table I ). In addition, the revertant cell line CHRIlO was selected from CHRC5 (Baker & Ling, 1978) , on the basis of the collateral sensitivity of the MDR line to 1-dehydrotestosterone. The 110 cell line showed a cytotoxic response to colchicine similar to that of the parent sensitive cell line (see Table I ). All cell lines were maintained at 37°C in a humidified atmosphere of 5% CO2 in a-MEM (Gibco Canada, Burlington, Ont.) supplemented with 10% bovine calf serum (defined/supplemented, heatinactivated, Hyclone Laboratories, Logan, UT), penicillin (1000 U ml'), streptomycin (1 mg ml-') and 2 mM L-glutamine (all from Gibco). The CHRB30 cell line was maintained in 30 jig ml-' colchicine. Cell cultures were shown to be free of mycoplasma as tested with the Hoechst staining kit (Gibco). Chinese hamster ovary LR73 cells, and murine mdrltransfected LR73/1A cells were a gift of Dr Philippe Gros and were derived as described previously (Gros et al., 1986) . LR73/1A transfectants were grown in medium containing 0.1 Ilg ml-' doxorubicin. A comparison of the mdrl expression levels using Western blotting with the P-glycoproteinspecific monoclonal antibody C219 indicated that P-glycoprotein levels in the LR73/1A line were slightly lower than those of the CHRC5 line (X. Yu and F.J. Sharom, unpublished) .
Cytotoxicity of amphiphiles towards MDR cell lines 1-n-Octyl-p-D-thioglucopyranoside (thiooctylglucoside, TOG) was synthesised as described previously (Loe et al., 1989) . Verapamil and all other amphiphiles were purchased from Sigma. Trade names of compounds in the polyoxyethylene series (where n is the number of ethylene oxide units) are as follows: Triton X-15 (n = 1), 15-S-3 (n = 3), Nonidet P-14 (n = 4), Triton X-45 (n = 5), 15-S-7 and Nonidet P-7 (n = 7), Triton X-1 14 (n = 8), Nonidet P-40 (NP-40) (n = 9), Triton X-100 (TX-100) and X-100-R (n = 9.6), Triton X-102 (n= 12-13), 15-S-15 Cytotoxicity of various amphiphiles to MDR cell lines was determined by a modification of the MTT dye reduction assay described previously (Mosmann, 1983; Carmichael et al., 1987) . Briefly, monolayer cell cultures were harvested by trypsinisation, followed by centrifugation at 1000 g for 10 min and resuspension in a suitable volume of a-MEM (cell concentration around I04 ml-'). Amphipile solutions were prepared as serial dilutions and dispensed as 100 yl aliquots into triplicate wells of a 96-well culture plate (Nunc) Plasma membrane vesicles were prepared from CHRC5 cells by nitrogen cavitation, followed by discontinuous sucrose gradient sedimentation, as described previously (Doige & Sharom, 1991) . Vesicles were resuspended in buffer (1O mM Tris, 0.25 M sucrose, pH 7.4) containing 1 tLg ml-' aprotinin, leupeptin, and pepstatin A, and 25 ,tg ml-' phenylmethylsulfonyl fluoride, (all from Sigma). Photoaffinity labelling was carried out according to Safa et al. (1987) 
Results
Cross-resistance and collateral sensitivity of MDR cells to amphiphiles and effects of verapamil A series of MDR cell lines with different degrees of colchicine resistance and different P-glycoprotein expression levels was tested for cross-resistance or collateral sensitivity to a variety of amphiphiles of differing molecular structure and charge (see Figure 1 ). The ability of verapamil, a wellknown chemosensitiser, to modify resistance or sensitivity was also determined. Table I indicates the cross-resistance or collateral sensitivity of the cell lines to various amphiphiles, as well as the chemosensitisation index, which is a measure of the ability of verapamil to sensitise the cell line to the cytotoxic effects of each compound. Many compounds that fall within the MDR spectrum are cationic (Zamora et al., 1988) , so it was of interest to assess the interaction of drugresistant lines with positively-charged amphiphiles. MDR cells demonstrated similar patterns of resistance to the cationic detergents benzalkonium chloride (BzAlk), methylbenzethonium chloride (MeBz), cetylpyridinium chloride (CePyr), and dodecyltrimethylammonium chloride (DTAB) ( Table I ). Figure 2 shows a resistance profile for BzAlk, which is typical of this class of amphiphiles. MDR cell lines with high P-glycoprotein expression levels showed moderate resistance to BzAlk and DTAB (4-to 5-fold, see Table I ), and lower cross-resistance to MeBz and CePyr. The drugsensitive revertant line CHRI10 displayed resistance characteristics very similar to that of AuxBl, confirming that resistance to cationic detergents is related to the MDR phenotype. Verapamil had the effect of moving the amphiphile IC50 for both the resistant and sensitive cell lines to much lower values (Figure 2 ). Although this effect was seen for all four cationic detergents, it was most pronounced for MeBz, where the chemosensitisation index reached 58 for CHRC5. The MDR lines also showed substantially lower ICso values for CePyr than the sensitive parent in the presence of verapamil. Verapamil showed similar cytotoxicity towards all of the cell lines, and the concentration used for chemosensitisation (20LM) was well below toxic levels. CHO cells appear to very sensitive to the cytotoxic actions of cationic detergents, with IC50 values in the range 3-40pM for AuxBl and 4-65pM for CHRC5.
MDR cells have been reported to show collateral sensitivity towards certain nonionic detergents (Bech-Hansen et al., 1976; Riordan & Ling, 1985) . As shown in Table I and Figure 2 , MDR cell lines exhibited significant collateral sensitivity towards the polyoxyethylene ether amphiphiles TX-100 and NP-40, with the highly resistant line CHRB30 being several-fold more sensitive to their cytotoxic action than the parent line. Again, the revertant line did not display collateral sensitivity to these detergents. The addition of verapamil did not affect the sensitivity of AuxBl to TX-100, but shifted the IC50 value for CHRC5 and CHRB30 about 2-fold lower (Figure 2 ). In the case of NP-40, verapamil increased the cytotoxicity of the detergent for both sensitive and resistant lines between 1.7-and 3-fold (Table I and Figure 2 ). Cells were moderately sensitive to the cytotoxic action of TX-100 and NP-40 (IC50 values in the range 15-73JM). In contrast, drug-resistant cell lines showed no collateral sensitivity or cross-resistance to other nonionic detergents such as Tweens 20 and 80 (polyoxyethylene sorbitans) and TOG (Table I) . Detergent concentrations approaching the mM range were necessary to cause cell killing. MDR cells showed a remarkably high level of collateral sensitivity to the compound dibutylphthalate (DBP) ( Figure  2 ). CHRB30 was 17-fold more sensitive to DBP cytotoxicity than the drug-sensitive parent, with an IC50 value of 40,iM (Table I ). The addition of verapamil had little effect on DBP cytotoxicity. The revertant cell line was not collaterally sensitive to DBP. The molecular basis of such high levels of collateral sensitivity is currently unknown.
MDR cells showed no cross-resistance to the zwitterionic detergent 3-[(3-cholamido-propyl)dimethylammonio]-1-propanesulfonate (CHAPS) ( Table I) , and were remarkably resistant to killing by this compound, showing IC50 values of 2.4 mm. Thus CHO cells can tolerate very high levels of agents that are membrane solubilisers. Low levels of crossresistance were also observed to sodium deoxycholate (DOC), an anionic detergent, which was moderately cytotoxic (Table I) .
CHO cell lines transfected with the mouse mdri gene were also examined for cross-resistance and collateral sensitivity toward nonionic detergents and DBP. Transfectants were highly cross-resistant to drugs within the MDR spectrum (Gros et al., 1986 , and Table II ). As shown in Table II , they showed a small degree of cross-resistance to the cationic amphiphiles BzAlk, MeBz, CePyr and DTAB. As with the colchicine-selected MDR cell lines, verapamil greatly increased the toxicity of these compounds to both parent and transfectant lines, which showed similar IC50 values in the presence of the chemosensitiser. mdrl transfectants showed little or no collateral sensitivity to TX-100, NP-40, and DBP. This suggests that the extent of collateral sensitivity is dependent on the particular parent cell line. The MDR cell line CHRPhaR, which was derived from CHRC5 by selection with the toxic lectin phytohemagglutinin (Ling et al., 1983) , has greatly reduced N-linked glycosylation of membrane proteins, resulting in expression of a severely underglycosylated P-glycoprotein of molecular mass 140 kDa (D.W. Loe and F.J. Sharom, unpublished) . This cell line behaved very similarly to the CHRC5 parent with respect to cross-resistance and collateral sensitivity to the compounds tested in this study (data not shown), indicating that the extent of P-glycoprotein glycosylation does not play a role in either resistance or sensitivity to amphiphiles.
Effect of detergent structure on collateral sensitivity
We further investigated the phenomenon of collateral sensitivity by determining the effect on MDR cells of a series of polyoxyethylene detergents with similar overall chemical structures, but different molecular size. The IC50 for these amphiphiles decreased over 10-fold as the number of ethylene oxide units (n) approached 10, and then gradually increased back to its former value as n reached 30 (Figure 3a) . Species with n = 9-10 were considerably more toxic to the CHRB30 cells than the drug-sensitive parent. As shown in Figure 3b , the degree of collateral sensitivity of MDR cells to these detergents increased with n, reaching a maximum at n = 9-10 with the compounds TX-100 and NP-40). At higher values of n, the cells displayed cross-resistance. CHRB30 cells were considerably more sensitive to detergent analogues with reduced cyclohexane rings, rather than phenyl rings, but the same n value. Ability of amphiphiles to block azidopine photoaffinity labelling of P-glycoprotein Azidopine has been shown to specifically photoaffinity label P-glycoprotein in the plasma membrane of MDR cells (Safa et al., 1987; Yang et al., 1988) . The labelling can be prevented by increasing concentrations of other compounds known to be substrates for the multidrug transporter (e.g. vinblastine, verapamil). It was suggested that azidopine modifies drug binding to P-glycoprotein by interacting with the protein directly at either the drug-binding site itself, or an allosteric site (Tamai & Safa, 1991) . Since MDR cells display cross-resistance to cationic detergents that can be reversed by verapamil, these compounds may also interact directly with P-glycoprotein. It was therefore of interest to determine whether any of the amphiphiles for which cross-resistance or collateral sensitivity was identified in this study, are able to compete with azidopine for photolabelling of P-glycoprotein. As shown in Figure 4 , 3H-azidopine photolabelled a 170-180 kDa protein in the CHRC5 plasma membrane, corresponding to P-glycoprotein. Labelling was blocked by addition of increasing concentrations of vinblastine, with 50% inhibition observed at a 25-to 50-fold excess of vinblastine, in the range 5-I0OsM (Figure 4a ). These data are in agreement with previous reports (Greenberger et al., 1990) . TX-100 and NP-40 also inhibited azidopine labelling at very low concentrations, with an IC50 in the range 4-8 gM (Figures 4b and 4c) . By this criterion, these nonionic detergents would be considered high affinity P-glycoprotein substrates, yet other data reported in this work indicate that MDR cells and transfectants are clearly not cross-resistant to these compounds. DBP did not affect photoaffinity labelling at concentrations as high as 1 mM (Figure 4d ), indicating that the ability to inhibit photolabelling is not linked to collateral sensitivity. Addition of the cationic amphiphiles BzAlk (Figure 4e ) and MeBz ( Figure 4f ) produced inhibition of photolabelling (IC50 values of 250 and 500,UM, respectively), but only at concentrations which are probably large enough to produce some membrane disruption. It seems likely that an intact membrane is necessary for photoaffinity labelling by azidopine to proceed efficiently. These amphiphiles probably inhibit labelling by disrupting the membrane, rather than competing directly with azidopine for the drug binding site on P-glycoprotein. This suggests that care should be taken in the interpretation of photoaffinity labelling inhibition data, especially if the compounds being tested are membrane-active.
Uptake of 3H-Triton X-100 by MDR cells The enhanced sensitivity of MDR cells to TX-100 could arise from an increase in the levels of detergent that partition into the plasma membrane. In an attempt to determine whether this was the molecular basis for collateral sensitivity, we investigated the association of 3H-TX-l00 with various MDR cell lines. Figure 5 shows that the uptake of 3H- (Sheetz & Singer, 1974) . It displays differential partitioning into membranes and bilayers, depending on the lipid packing density in the outer leaflet (Williamson et al., 1983) , and has been used to monitor the molecular packing of phospholipid monolayers (Yu & Hui, 1992) . A series of MDR cell lines was treated with MC540 and analysed for dye retention using flow cytometry. The average fluorescence of the cell population was examined by determining the peak channel of fluorescence. Results showed that the fluorescence intensity of the cell population decreased as their level of resistance increased, with the highly resistant lines having the lowest fluorescence ( Figure 7 ). MDR cells were not significantly cross-resistant to MC540 (data not shown), ruling out the possibility that dye efflux might be occurring. It should also be noted that the MC540 concentration used for flow CHRB30. Washed intact cells were incubated with 0.9 ftM 3H-TX-100 for various times at 37°C, followed by separation of cellbound from free amphiphile by rapid centrifugation (1 min) on a 1M sucrose cushion. Tubes were frozen, and the tips containing the cell pellets were sliced off and counted. Triton X-1o00 concentration (fe g ml Figure 6 Concentration-dependence of TH-TX-100 uptake by showed differences of the same magnitude as flow cytometry. Overexpression of P-glycoprotein thus appears to produce physicochemical changes in the plasma membrane which result in tighter packing of the outer leaflet of the bilayer. This change in packing may be in part responsible for the reduced partitioning of TX-100 into MDR cells. Changes in the bulk fluidity of MDR cell plasma membrane were measured using the charged fluorescence probe TMA-DPH, which (because of its charge) is also confined to the outer leaflet of the plasma membrane. However, no significant differences were noted in the bulk microviscosity of any of the cell lines under study (Table IV) . aFluorescence data were collected over a total of 255 channels. , and lipophilic cationic dyes (Gros et at., 1992 However, the transfectant showed little or no collateral sensitivity to TX-100, NP-40 or DBP. We have recently reported the partial purification of Pglycoprotein with high intrinsic ATPase activity, using selective extraction with CHAPS (Doige et al., 1992) . We have also carried out an extensive study of the effects of various detergents on ATPase-active P-glycoprotein (Doige et al., 1993) . Results showed that only two detergents, CHAPS and TOG, were able to maintain solubilised P-glycoprotein in an ATPase-active form. It seemed possible that these detergents are effective at maintaining ATPase activity because they are P-glycoprotein substrates, and interact with the drug binding site. However, this suggestion was not borne out by the data in this study, since MDR cells and transfectants did not show any cross-resistance to either CHAPS or TOG (Tables I and  II) .
Reversal of cross-resistance to verapamil has often been interpreted as indicating that the drug in question interacts directly with P-glycoprotein in the plasma membrane (Georges et al., 1990) . The effects on MDR CHO cells of verapamil in combination with various amphiphiles fell into several different patterns. In the case of DBP, verapamil did not modulate cytotoxicity for either the sensitive or resistant cell lines. This suggests that DBP does not act via a direct interaction with P-glycoprotein. This proposal was borne out by photoaffinity labelling experiments, which showed no inhibition of azidopine labelling by DBP concentrations as high as 1 mM. An additional molecular change in the plasma membrane of MDR CHO cells (arising from overexpression of P-glycoprotein) may make them especially sensitive to the cytotoxic action of this compound. For TX-100, verapamil increased the cytotoxicity of the detergents to the MDR lines, yet had minimal effects on the parent line or the revertant. Verapamil enhanced the cytotoxicity of all of the cationic amphiphiles and NP-40 to a similar extent for both resistant and sensitive cells. Other researchers have also reported that verapamil reversed resistance to lipophilic cations , and restored accumulation of the compounds to normal levels (Gros et al., 1992) . For some of the cationic species in the present study (DTAB, BzAlk), both resistant and sensitive cells had similar sensitivity to the amphiphile in the presence of verapamil, while for others (MeBz, CePyr) MDR cells were highly sensitised relative to the parent line. Since levels of resistance for MeBz and CePyr were quite low, it seems unlikely that in these cases verapamil is exerting its effects by competing with the amphiphile for binding to P-glycoprotein. It seems more likely that verapamil has multiple effects of MDR cells; some of these effects may occur at the level of the plasma membrane, since the compound is membrane-active.
The response of MDR cells to a series of Triton/Nonidettype amphiphiles was very sensitive to the length of the polyoxyethylene chain. Cells displayed collateral sensitivity at low chain length, reaching a maximum sensitivity at 9-10 units, while detergents with degrees of polymerisation above 16 resulted in resistance. These data extend the results of Bech-Hansen et al. (1976) , who first noted differential responses of MDR cells to nonionic amphiphiles of this type. The response of MDR cells to these compounds does not appear to be correlated with the critical micelle concentrations of the amphiphiles, which increase roughly linearly with increasing numbers of ethylene oxide units (Helenius & Simons, 1975) .
The ability of a compound to inhibit photoaffinity labelling by azidopine has been considered to indicate the 'affinity' of the compound for interaction with P-glycoprotein. Many of the amphiphiles tested in this stuy were able to block azidopine labelling of P-glycoprotein in plasma membrane vesicles. For some cationic detergents tested, inhibition occurred at concentrations sufficient to disrupt the integrity of the membrane. P-Glycoprotein has been proposed to act as a 'bilayer pump', expelling hydrophobic compounds from the membrane, rather than the cytosol (Higgins & Gottesman, 1992 ). Both site-directed mutagenesis (Gros et al., 1991) and biochemical studies (Greenberger et al., 1991) indicated that the drug binding site is likely to be contained within the hydrophobic domains of P-glycoprotein. Partitioning of azidopine into the bilayer phase would increase its effective concentration, and permit efficient photolabelling to occur. Disruption of the plasma membrane by amphiphiles would thus greatly reduce the efficiency of photolabelling, leading to apparent inhibition. These results indicate that caution must be used in interpreting studies on inhibition of azidopine photolabelling, especially in the case of membrane-active compounds. Other researchers have suggested that inhibition of azidopine photoaffinity labelling may reflect an indirect effect of the compound on the lipid environment of P-glycoprotein, which may as a result undergo a conformational change (Sehested et al., 1992) . The cationic amphiphiles used in this study may in fact interact directly with P-glycoprotein, but any specific effects are masked by their detergent properties. In the case of the nonionic detergents TX-100 and NP-40, inhibition of photoaffinity labelling was seen at very low concentrations, and may reflect a specific interaction with P-glycoprotein. Neither of these amphiphiles shows toxicity in this concentration range (see Table I ). Yet CHRB30 cells are collaterally sensitive to TX-100 and NP-40, and CHO transfectants expressing the mouse mdrl gene product showed neither resistance nor sensitivity. In this regard, it is interesting that TX-100 in the 5-10 gAM range greatly stimulated the ATPase activity of partially-purified Pglycoprotein in CHAPS solution (Doige et al., 1993) . It is possible that TX-100 and NP-40 interact with P-glycoprotein in a specific manner via hydrophobic association with transmembrane segments that are not part of the drug-binding site.
Further investigation of the phenomenon of collateral sensitivity revealed that it did not arise as a result of increased uptake of amphiphile into MDR cells. Association of TX-100 with intact cells was very rapid, and occurred by an unmediated mechanism. Increasing levels of drug resistance were found to be correlated with decreased association of 3H-TX-100 with the intact cell. This pattern is also characteristic of the association of MDR spectrum drugs with this cell line series, suggesting that these nonionic amphiphiles may be handled by MDR cells in the same manner as drugs to which the cells are resistant. Alternatively, this pattern might arise from a difference in the molecular nature of the plasma membrane, again as a result of P-glycoprotein overexpression. Flow cytometry and quantitative fluorescence studies using MC540, which is sensitive to the physical state of the bilayer, indicated that the lipid packing density in the outer leaflet of the plasma membrane is significantly increased in MDR cells, and this increase correlates with levels of drug resistance and P-glycoprotein expression. Tighter packing of the outer leaflet may restrict the partitioning of amphiphiles, causing the TX-100 uptake into the plasma membrane to be lower in MDR cells. Since MC540 is also known to be responsive to gross changes in membrane potential (Waggoner, 1985) , it is possible that the differences in MC540 fluorescence intensity observed with increasing drug resistance reflect alterations in membrane potential. However, a change in membrane potential of 100mV typically produces a fractional fluorescence change of 10% or less. Since changes in membrane potential of this magnitude within the series of MDR cell lines are unlikely, this possibility seems remote. Polarisation measurements using the fluorescence probe TMA-DPH showed no detectable differences in bulk membrane microviscosity between MDR and drug-sensitive cells. Either TMA-DPH is not sensitive to the particular alterations found in MDR cells, or MC540 is detecting a more local change in membrane structure within specific domains, rather than the average picture provided by TMA-DPH. Warren et al. (1992) recently showed that modification of the plasma membrane lipids of CEM/VLB100 cells resulted in a dramatic reversal of the MDR phenotype, and suggested that changes in membrane packing or fluidity may result from insertion of P-glycoprotein into the plasma membrane. Our data support the proposal that P-glycoprotein overexpression produces changes in lipid packing, but not bulk microviscosity.
